.>^^«>c 


IMAGE  EVALUATION 
TEST  TARGET  (MT-3) 


V 


// 


i< 


>. 


^-  '^ 


V. 


\° 


v. 


1.0 


I.I 


1.25 


m 


75 
2,0 


IIIIIM 

U    III  1.6 


V] 


<^ 


/^ 


°a 


o 


/,. 


„%.  #  >!fe    ■/ 


/ 


^#^ 


r 


Photographic 

Sciences 
Corporation 


23  WEST  MAIN  STREET 

WEBSTER, NY.  I4S80 

(7161  872-4503 


% 


o^ 


CIHM/ICMH 

Microfiche 

Series. 


CIHIVI/ICIVIH 
Collection  de 
microfiches. 


Canadian  Institute  for  Historical  Microreproductions 


Institut  Canadian  de  microreproductions  historiques 


1980 


Technical  and  Bibliographic  Notes/Notes  techniques  et  bibliographiques 


The  Institute  has  attempted  to  obtain  the  best 
original  copy  available  for  filming.  Features  of  this 
copy  which  may  be  bibliographically  unique, 
which  may  alter  any  of  the  images  in  the 
reproduction,  or  which  may  significantly  change 
the  usual  method  of  filming,  are  checlted  below. 


L'Institut  a  microfilm^  le  meilleur  exemplaire 
qu'il  lui  a  6t6  possible  de  se  procurer.  Les  details 
de  cet  exemplaire  qui  sont  peut-dtre  uniques  du 
point  de  vue  bibliographique,  qui  peuvent  modifier 
une  image  reproduite,  ou  qui  peuvent  exiger  une 
modification  dans  la  methods  normale  de  filmage 
sont  indiqu6s  ci-dessous. 


n 


Coloured  covers/ 
Couverture  de  couleur 


□    Coloured  pages/ 
Pages  de  couleur 


□    Covers  damaged/ 
Couverture  endommagde 

□    Covers  restored  and/or  laminated/ 
Couverture  restaur^e  et/ou  pelliculde 

□    Cover  title  missing/ 
Le  titre  de  couverture  manque 

□    Coloured  maps/ 
Cartes  gdographiques  en  couleur 

□    Coloured  ink  (i.e.  other  than  blue  or  black)/ 
Encre  de  couleur  (i.e.  autre  que  bleue  ou  noire) 


D 


Coloured  plates  and/or  illustrations/ 
Planches  et/ou  illustrations  en  couleur 


D 
D 
D 

n 
n 


Pages  damaged/ 
Pages  endommagdes 

Pages  restored  and/or  laminated/ 
Pages  restaurdes  et/ou  pellicul^es 

Pages  discoloured,  stair.ad  or  foxed/ 
Pages  ddcolor^es,  tachetdes  ou  piquies 

Pages  detached/ 
Pages  d6tach6es 

Showthrough/ 
Transparence 

Quality  of  print  varies/ 
Quality  in6gale  de  I'impression 


D 


Bound  with  other  material/ 
Reli6  avec  d'autres  documents 


□    Includes  supplementary  material/ 
Comprend  du  materiel  supplementaire 


D 


D 


Tight  binding  may  cause  shadows  or  distortion 
along  interior  margin/ 

La  reliure  serr^e  peut  causer  de  I'ombre  ou  de  la 
distortion  le  long  de  la  marge  intdrieure 

Blank  leaves  added  during  restoration  may 
appear  within  the  text.  Whenever  possible,  these 
have  been  omitted  from  filming/ 
II  se  peut  que  certaines  pages  blanches  ajout6es 
lors  d'une  restauration  apparaissent  dans  le  texte, 
mais,  lorsque  cela  6tait  possible,  ces  pages  n'ont 
pas  6t6  filmdes. 


I — I    Only  edition  available/ 


D 


Seule  Edition  disponible 

Pages  wholly  or  partially  obscured  by  errata 
slips,  tissues,  etc.,  have  been  refilmed  to 
ensure  the  best  possible  image/ 
Les  pages  totalement  ou  partiellement 
obscurcies  par  un  feuillet  d'errata,  une  pelure, 
etc.,  ont  dt6  filmdes  d  nouveau  de  fagon  d 
obtenir  la  meilleure  image  possible. 


□ 


Additional  comments:/ 
Commentaires  suppl6mentaires: 


H 


This  item  is  filmed  at  the  reduction  ratio  checked  below/ 

Ce  document  est  film^  au  taux  de  reduction  indiqud  ci-dessous. 


10X 

14X 

18X 

22X 

26X 

SOX 

"7 

12X 


16X 


20X 


24X 


28X 


32X 


The  copy  filmed  here  has  been  reproduced  thanks 

to  the  generosity  of: 
Tne  Nova  Scotia 
Legislative  Library 


L'exemplaire  film6  fut  reproduit  grAce  A  la 

g6n6rosit6  de: 

The  Nova  Scotia 

Legislative  Library 


The  images  appearing  here  are  the  best  quality 
possible  considering  the  condition  and  legibility 
of  the  original  copy  and  in  keeping  with  the 
filming  contract  specifications. 


Les  images  suivantes  ont  6t6  reproduites  avec  le 
plus  grand  soin,  compte  tenu  de  la  condition  et 
de  la  nettet6  de  l'exemplaire  fiim6,  et  en 
conformity  avec  les  conditions  du  contrat  de 
filmage. 


Original  copies  in  printed  paper  covers  are  filmed 
beginning  with  the  front  cover  and  ending  on 
the  last  page  with  a  printed  or  illustrated  impres- 
sion, or  the  back  cover  when  appropriate.  All 
other  original  copies  are  filmed  beginning  on  the 
first  page  with  a  printed  or  illustrated  impres- 
sion, and  ending  on  the  last  page  with  a  printed 
or  illustrated  impression. 


Les  exemplaires  originaux  dont  la  couverture  en 
papier  est  imprimde  sont  fitmds  en  commen^ant 
par  le  premier  plat  et  en  terminant  soit  par  la 
dernidre  page  qui  comporte  une  empreinte 
d'impression  ou  d'illustration,  soit  par  le  second 
plat,  selon  le  cas.  Tous  les  autres  exemplaires 
originaux  sont  filmds  en  commenpant  par  la 
premidre  page  qui  comporte  une  empreinte 
d'impression  ou  d'illrstration  et  en  terminant  par 
la  dernidre  page  qui  comporte  une  telle 
empreinte. 


The  last  recorded  frame  on  each  microfiche 
shall  contain  the  symbol  —^  (meaning  "CON- 
TINUED "),  or  the  symbol  V  (meaning   "END"), 
whichever  applies. 


Un  des  symboles  suivants  apparaitra  sur  la 
dernidre  image  de  cheque  microfiche,  selon  le 
cas:  le  symbole  — ^  signifie  "A  SUiVRE",  le 
symbole  V  signifie  "FIN". 


Maps,  plates,  charts,  etc.,  may  be  filmed  at 
different  reduction  ratios.  Those  too  large  to  be 
entirely  included  in  one  exposure  are  filmed 
beginning  in  the  upper  left  hand  corner,  left  to 
right  and  top  to  bottom,  as  many  frames  as 
required.  The  following  diagrams  illustrate  the 
method: 


Les  cartes,  planches,  tableaux,  etc.,  peuvent  dtre 
film^s  d  des  taux  de  reduction  diffdrents. 
Lorsque  le  document  est  trop  grand  pour  dtre 
reproduit  en  un  seul  cliche,  il  est  film6  d  partir 
de  Tangle  supdrieur  gauche,  de  gauche  d  droite, 
et  de  haut  en  bas,  en  prenant  le  nombre 
d'images  n6cessaire.  Les  diagrammes  suivants 
illustrent  la  mdthode. 


1 

2 

3 

1 

2 

3 

4 

5 

6 

M-nTErCTP::^  •--. 


^ 


'^ 


^ 


« 


I 


iiL 


^7^6  A 


From  the  Quarterly  Journai  of  the  Gbolooical  Society  for 

February  1870.] 


ON 


THE   GRAPHITE 


or 


THE     LAURENTIAN     OF    CANADA. 


BY 


J.  W.  DAWSON,  LL.D.,  F.R.S.,  F.G.S. 


lU 


As        , 


1 


J 


In  my  paper  of  1>'(;4,  on  the  Organic  llemains  of  the  Laurentian 
Limestones  of  Canada,  as  a  sequel  to  Che  description  of  Eozoon 
Canadcnsi',  I  noticed,  among  other  indications  of  organic  matters  in 
these  limestones,  the  presence  of  films  and  fibres  of  graphitic  matter, 
and  insisted  on  the  probability  that  at  least  some  of  the  lower  forms 
of  plant  Hie  must  have  existed  in  the  seas  in  which  gigantic  Fora- 
minifora  could  flourish.  Dr.  Hunt  had  previously,  on  chemical 
evidence,  inferred  the  existence  of  Laurentian  vegetation*,  and 
Dana  had  argued  as  to  the  probability  of  this  on  various  grounds  f; 
and  my  object  in  referring  to  these  indications  in  18G4,  as  well  as 
to  the  supposed  burrows  of  annelids,  subsequently  described  by  me  J, 
was  to  show  that  the  occurrence  of  Eozoon  was  not  to  be  regarded 
as  altogether  isolated  and  unsupported  by  probabilities  of  the  ex- 
istence of  organic  remains  in  the  Laurentian  deducible  from  other 
considerations. 

Now  that  the  questions  which  have  been  raised  regarding  Eozoon 

*  'American  Journal  of  Science'  (2),  xxxi.  p.  395.  From  this  article,  written 
in  18(51,  after  the  announcement  df  the  existence  of  laminated  forms  supposed 
to  be  orgnnic  in  the  Ljiurentian,  by  Sir  W.  E.  Logan,  but  before  their  structure 
and  afTinitics  had  been  ascertained.  I  quote  the  following  sentences: — "  We  see 
in  the  Laurentian  series  bods  and  veins  of  metallic  sulphurets,  precisely  as  in 
more  recent  formations ;  and  the  extensive  beds  of  iron-ore,  hundreds  of  feet 
thick,  which  abound  in  that  ancient  system,  correspond  not  only  to  great 
volumes  of  strata  dejirived  of  that  metal,  but,  as  we  may  suppose,  to  organic 
matters  whicli,  but  for  the  then  gr  at  diffusion  of  iron-oxyd  in  conditions 
favourable  for  their  oxydation,  might  have  formed  deposits  of  mineral  carbon 
far  more  extensive  than  those  beds  of  plumbago  which  we  actually  meet  in  the 
Laurentian  strata.  All  these  conditions  load  us  then  to  conclude  the  existence 
of  an  abundant  vegetivtion  during  the  Laurentian  period." 

t  Manual  of  Geology.  I  may  also  be  permitted  to  refer  to  my  own  work 
'  Archaia,'  p.  lOS,  and  Appendix  U,  1860. 

I  Quart.  Journ.  Geol.  Soc.  vol.  xxii.  p.  608. 
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may  be  coiDsidoivd  settled,  not  only  by  the  adhesion  of  the  greatest 
authorities  in  palicontology  and  zoology,  l)ut  by  the  discovery  of 
similar  organisms  in  roeks  of  the  same  age  elsewjiere,  by  specimens 
preserved  in  such  a  nmnner  us  to  avoid  all  the  objections  raised  to 
the  mineral  condition  of  the  fossil*,  and  by  the  discovery  of  such 
modern  analogies  as  that  furnished  by  Batlnih'ms,  it  may  be  pioper 
to  invite  the  attention  of  geologists  more  particularly  to  tlie  evidence 
of  vegetable  life  aflbrded  by  the  deposits  of  graphite  existing  in  the 
Laurentian. 

The  graphite  of  the  Laurentian  of  Canada  occurs  both  in  beds  and 
in  veins,  and  in  such  a  manner  as  to  show  that  its  origin  and  depo- 
sition are  contemporaneous  with  those  of  the  containing  rock.  Sir 
William  Logan  states f  that  "the  deposits  of  plumbago  generally 
occur  in  the  limestones  or  in  their  immediate  nciuity,  and  granular 
varieties  of  the  rock  often  contain  large  crystalline  i)lates  of  plum- 
bago. At  other  times  this  mineral  is  so  finely  disseminated  as  to 
give  a  bluish-gray  colour  to  the  limestone,  and  the  distribution  of 
baiuls  thus  coloured,  seems  to  mark  the  stratification  of  tlie  lock." 
He  further  states: — "The  i>lumbag()  is  not  confined  to  the  lime- 
stones; large  crystalline  seales  of  it  are  occasionally  disseminated  in 
])yroxene  rock  or  pyrallolite,  and  sometimes  in  <piart/ite  and  in 
feldspathic  rocks,  or  evn  in  magni-tic  oxide  of  iron."  In  addition 
to  these  bedded  forms,  there  arc  also  true  veins  in  wliich  graphite 
occurs  associated  with  calcite,  quart  ,  orthoclase,  or  pyroxene,  and 
either  in  disseminated  scales,  in  detached  masses,  or  in  bands  or 
layers  "  separated  from  each  other,  and  from  the  wall  rock  by  feld- 
spar, pyroxene,  and  (piartz.''  Ur.  Hunt  also  mentions  tlie  occur- 
rence of  finely  granular  varieties,  and  of  that  peculiarly  waved  and 
corrugated  variety  simulating  fossil  wood,  thotigh  really  a  mere  form 
of  laminated  structure,  which  also  occurs  at  Warrensburgh,  New 
York,  and  at  the  Marinski  mine  in  Siberia.  Many  of  the  veins  arc 
not  true  iissures,  but  rather  constitute  a  net-work  of  shrinkage 
cracks  or  segregation  veins  traversing  in  countless  numbers  tlie 
containing  rock,  and  most  irregular  in  their  dimensions,  so  that 
they  often  resemble  strings  of  nodular  masses.  It  has  been  sup- 
posed that  the  graphite  of  the  veins  was  originally  introduced  as  a 
li(juid  hydro-carbon.  Dr.  Hunt,  however,  regards  it  as  possible 
that  it  may  have  been  in  a  stave  of  a(]ueous  solution  J  ;  but  in  what- 
ever way  introduced,  the  character  of  the  veins  indicates  that  in  the 
case  of  the  greater  number  of  them  the  carbonaceous  material  must 
have  been  derived  from  the  bedded  rocks  traversed  by  these  veins, 
while  there  can  be  no  doubt  that  the  graphite  found  in  the  beds  has 

*  I  cannot,  aftor  pxnminntion  of  the  specimen,  and  of  others  Bubsoquently 
obtHined  by  Sir  W.  E.  Lofjan,  attach  any  value  to  tlie  supposition  of  Messrs. 
Rowney  &  King  that  the  Tudor  sjieeiincn  has  been  i)roduced  by  infiltration  of 
carbonate  of  lime  into  veins.  The  mechanical  arrangement  of  the  lamina-  and 
their  microscopic  structure  forbid  such  a  supposition,  ns  well  as  the  comparison 
of  them  with  actual  calcareous  veins  occurring  in  the  same  rock. 

t  '  Geology  of  Canatla,'  180;3. 

\    'Report  of  the  Cieological  Survey  of  Canada,'  18<>(). 
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been  doposited  along  with  tbo  calcareous  matter  or  muddy  and  sandy 
bediment  of  which  these  bods  were  originally  composed. 

The  quantity  of  graphite  in  the  Ix)wer  Laurentian  series  is  enor- 
mous. In  a  recent  visit  to  the  township  of  liuckinghum,  on  the 
Ottawa  River,  I  examined  a  band  of  limestone  believed  to  be  a  con- 
tinuation of  that  described  by  Sir  W.  E.  Logan  as  the  Green  Lake 
Limestone.  It  was  estimated  to  amount,  with  some  thin  inter- 
stratified  bands  of  gneiss,  to  a  thickness  of  (500  feet  or  more,  and 
was  found  to  be  filled  with  disseminated  crystals  of  graphite  and 
veins  of  the  mineral  to  such  an  extent  as  to  constitute  in  some 
places  one-fourth  of  the  whole ;  and  making  every  allowance  for 
the  poorer  portions,  this  bund  cannot  contain  in  all  a  less  vertical 
thickness  of  pure  grai)hite  than  from  20  to  30  feet.  In  the 
adjoining  township  of  Lochaber  Sir  W.  E.  Logan  notices  a  band 
from  25  to  30  feet  thick,  reticulated  with  graphite  veins  to  such 
an  extent  as  to  be  mined  with  profit  for  the  mineral.  At  another 
place  in  the  same  district  a  bed  of  graphite  from  10  to  12  feet  thick, 
and  yielding  20  per  cent,  of  the  pure  material,  is  worked.  When  it 
is  considered  that  graphite  occurs  in  similar  abundance  at  several 
other  horizons,  in  beds  of  limestone  which  have  been  ascertained  by 
Sir  \V.  E.  Logan  to  have  an  aggregate  thickness  of  3500  feet,  it  is 
scarcely  an  exaggeration  to  maintain  that  the  quantity  of  carbon  in 
the  Laurentian  is  equal  to  that  in  similar  areas  of  the  Carboniferous 
System.  It  is  also  to  be  observed  that  an  immense  area  in  Canada 
ap])ears  to  be  occupied  by  these  grapliitiu  and  /Joroon-limestones,  and 
that  rich  gra])hitic  deposits  exist  in  the  continuation  of  this  system 
in  the  State  of  New  York,  while  in  rocks  believed  to  be  of  this  ago 
near  St.  John,  New  Brunswick,  there  is  a  very  thick  bed  of  graj)hitic 
linu'stone,  and  associated  with  it  three  regular  beds  of  grapliite, 
having  an  aggregate  thickness  of  about  5  f'^et*. 

It  may  fairly  bo  assumed  that  in  the  present  world  and  in  those 
geological  periods  with  whose  organic  remains  wc  are  more  familiar 
than  with  those  of  the  Laurentian,  there  is  no  other  source  of  un- 
oxidized  carbon  in  rocks  than  that  furnished  by  organic  matter,  and 
that  this  has  obtained  its  carbon  in  all  cases,  in  the  first  instance, 
from  the  deoxidation  of  carbonic  acid  by  living  plants.  No  other 
source  of  carbon  can,  I  believe,  bo  imagined  in  the  Laurentian  period. 
We  may,  however,  suppose  either  that  the  graphitic  matter  of  the 
Laurentian  has  been  accumula.ed  in  beds  like  those  of  coal,  or  that 
it  has  consisted  of  diffused  bituminous  matter  similar  to  that  in  more 
modern  bituminous  shales  and  bituminous  and  oil-bearing  lime- 
stones. The  beds  of  graphite  near  St.  John,  some  of  those  in  the 
gneiss  at  Ticonderoga  in  New  York,  and  at  Lochaber  and  Buck- 
ingham and  elsewhere  in  Canada  are  so  pure  and  regular  that  one 
might  fairly  compare  them  with  the  graphitic  coal  of  Rhode  Island. 
These  instances,  however,  are  exceptional,  and  the  greater  part  of 
the  disseminated  and  vein  graphite  might  rather  be  compared  in  its 


? 


Ir 


*  Matthew  in  '  Quart.  Journ.  Geol.  See'  vol.  xxi.  p.  423. 
p.  G02. 
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mode  of  occurrence  to  the  bituminous  matter  in  bituminous  shaloa 
and  limestones. 

We  may  compare  the  disseminated  graphite  to  that  which  wo 
find  in  those  districts  of  Canada  in  which  Siluiian  and  Devonian 
bituminous  shales  and  limestones  have  been  metamorphosed  and 
converted  into  graphitic  rocks  not  dissimilar  to  those  in  the  less 
altered  portions  of  the  Laurentian*.  In  like  manner  it  seems  pro- 
bable that  the  numerous  reticulating  veins  of  graphite  may  have 
been  formed  by  the  segregation  of  bituminous  matter  into  fi  jsurcs 
and  planes  of  least  resistance,  in  the  manner  in  which  such  veins 
occur  in  modern  bituminous  limestones  and  shales.  8uch  bitumi- 
nous veins  occur  in  the  Lower  Carboniferous  limestone  and  shale  of 
Dorchester  and  Hillsborough,  New  Brunswick,  with  an  arrangement 
very  similar  to  that  of  the  veins  of  graphite ;  and  in  the  Quebec 
rocks  of  Point  Levi,  veins  attaining  to  a  thickness  of  more  than  a 
foot,  are  filled  with  a  coaly  matter  having  a  transverse  columnar 
structure  and  regarded  by  Logan  and  Hunt  as  an  altered  bitumen. 
These  paloeozoic  analogies  would  lead  us  to  infer  that  the  larger 
part  of  the  Laurentian  graphite  ulls  under  the  second  class  of 
deposits  above  mentioned,  and  that,  if  of  vegetable  origin,  the  organic 
matter  must  have  been  thoroughly  disintegrated  and  bituminized 
before  it  was  changed  into  graphite.  This  would  also  give  a  pro- 
bability that  the  vegetation  implied  was  aquatic,  or  at  least  that  it 
was  accumulated  under  water. 

Dr.  Hunt  has,  however,  observed  an  indication  of  terrestrial  vege- 
tation, or  at  least  of  subacrial  decay,  in  the  great  beds  of  Laurentian 
iron-ore.  These,  if  formed  in  the  same  manner  as  more  modern 
deposits  of  this  kind,  would  imply  the  reducing  and  solvent  action 
of  substances  produced  in  the  decay  of  plants.  In  this  case  such 
great  ore  beds  as  that  of  Hull,  on  the  Ottawa,  70  feet  thick,  or  that 
near  Newborough,  200  feet  thick  f,  must  represent  a  corresponding 
quantity  of  vegetable  matter  which  has  totally  disappeared.  It  may 
•be  added  that  similar  demands  on  vegetable  matter  as  a  deoxidizing 
agent  are  made  by  the  beds  and  veins  of  metallic  sulphides  of  the 
Laurentian,  though  some  of  the  latter  are  no  doubt  of  later  date 
than  the  Laurentian  rocks  themselves. 

It  would  be  very  desirable  to  confirm  such  conclusions  as  those 
above  deduced  by  the  evidence  of  actual  microscopic  structure.  It 
is  to  be  observed,  however,  that  when,  in  more  modern  sediments, 
Alga3  have  been  converted  into  bituminous  matter,  we  cannot  ordi- 
narily obtain  any  structural  evidence  of  the  origin  of  such  bitumen, 
and  in  the  graphitic  slates  and  limestones  derived  from  the  metamor- 
phosis of  such  rocks  no  organic  structure  remains.  It  is  true  that, 
in  certain  bituminous  shales  and  limestones  of  the  Silurian  system, 
shreds  of  organic  tissue  can  sometimes  be  detected,  and  in  some 
cases,  as  in  the  Lower  Silurian  limestone  of  the  La  Cloche  moun- 
tains in  Canada,  the  pores  of  brachiopodous  shells  and  the  cells  of 
corals  have  been  penetrated  by  black  bituminous  matter,  forming 

*  Granbv,  Melbourne,  Owl's  Head.  &c.,  '  Geology  of  Canada;  1863,  p.  599. 
t  Geology  of  Canada,  1863. 
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\*liiit  may  be  regartled  tw  naturul  injections,  somctinies  of  much 
bonuty.  In  correspondence  with  tliis,  while  in  some  Laurentinn 
giiiphitic  roc  s,  as,  for  instance,  in  tho  compact  graphite  of  Cla- 
rendon, the  carbon  presentH  a  curdled  appearance  due  to  segregation, 
and  precisely  similar  to  that  of  the  biiumen  in  more  modern  bitu- 
minous rocks,  I  can  detect  in  tho  graphitic  limestones  occasional 
fibrous  structures  which  may  be  remains  of  plants,  and  in  some 
specimens  vermicular  lines,  which  I  believe  to  be  tubes  of  Kozoon 
penetrated  by  matter  once  bituminous,  but  now  in  the  state  of 
graphite. 

When  palicozoic  land-plants  have  been  converted  into  graphite, 
they  sometimes  perfectly  retain  their  structure.  Jkfineral  cliarcoal, 
with  structure,  exists  in  tho  graphitic  coal  of  Rhode  Island.  Tho 
fronds  of  ferns,  with  their  minutest  veins  perfect,  are  preserved  in 
the  Devonian  shales  of  St.  John,  in  tho  state  of  graphit<; ;  and  in  tho 
same  formation  there  are  trunks  of  Conifers  {Dado.rtjlon  onaixjon- 
dianum)  in  whioh  the  material  of  the  cell- walls  has  been  converted 
into  graphite,  while  their  canties  have  been  filled  with  calcareous 
spar  and  (piartz,  the  finest  structures  being  preserved  (piite  as  well 
as  in  comparatively  unaltered  specimens  from  the  co.il-forniation*. 
No  structures  so  perfect  have  as  yet  been  detected  in  the  Laurentian, 
though  in  the  largest  of  the  three  graphitic  beds  at  St.  John  there 
appear  to  be  fibrous  structures,  which  I  believe  may  indicate  tho 
existence  of  land-plants.  This  graphite  is  composed  of  contorted 
and  slickensided  lamina),  much  like  those  of  some  bituminous 
shales  and  coarse  coals ;  and  in  these  there  are  occasional  small 
pyritous  masses  which  show  hollow  carbonaceous  fibres,  in  some 
cases  presenting  obscure  indications  of  lateral  pores.  I  regard  these 
indications,  however,  as  unceiiaiu ;  and  it  is  not  as  yet  fully  iusccr- 
tained  that  these  beds  at  St.  John  are  on  the  same  geological  horizon 
with  the  Lower  Laurentian  of  Canada,  though  they  certainly  underlie 
the  Primordial  series  of  the  Acadian  group,  and  are  separated  from 
it  by  beds  having  the  character  of  the  Huronian. 

There  is  thus  no  absolute  impossibility  that  distinct  organic  tissues 
may  be  found  in  the  Laurentian  gra])hite,  if  formed  from  land-plants, 
more  especially  if  any  plants  existed  at  that  time  having  true  woody 
or  vascular  tissues ;  but  it  cannot  with  certainty  be  affirmed  that 
such  tissues  have  been  found.  It  is  possible,  however,  that  in  tho 
Laurentian  period  tho  vegetation  of  tho  land  may  have  consisted 
wholly  of  cellular  plants,  as,  for  example,  mosses  and  lichens ;  and 
if  so,  there  would  bo  comparatively  little  hope  of  tho  distinct  pre- 
servation of  their  forms  or  tissues,  or  of  our  being  able  to  distinguish 
the  remains  of  land-plants  from  those  of  Alga\ 

We  may  sum  up  these  facts  and  considerations  in  tho  following 
statements : — First,  that  somewhat  obscure  traces  of  organic  struc- 
ture can  be  detected  in  the  Laurentian  gra])hite ;  secondly,  that  the 
general  arrangement  and  microscopic  structure  of  the  substance  cor- 
responds with  that  of  the  carbonaceous  and  bituminous  matters  in 

*  Acadian  Geology,  p.  535.     In  calcified  spLviinens  the  structures  remain  in 
tho  grnphiU>  after  dct'nli-iflr'nfion  hy  nn  acid. 
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nmriiio  fonuntions  of  more  modern  date;  thirdly,  that  if  the  Lau- 
itutijiii  graphite  liu.s  be(;n  dorivc.'d  from  vegetable  matter,  it  has  only 
undergone  a  metumorphoHiH  Himiliir  in  kind  to  tha^  which  organic 
matter  in  metamori)ho8ed  sedimciiit  of  later  age  has  experienced  ; 
fourthly,  that  the  association  of  the  graphitic  matter  with  organic 
limestone,  beds  of  iron  ore,  and  metallic  sulphides  greatly  strengthens 
the  ])robability  of  its  vegetable  origin  ;  fifthly,  tliat  when  wo  con- 
sider the  immense  thickness  and  extent  of  the  Ko/.oonal  and  grapliitic 
limestones  and  iron-ore  deposits  of  the  Laurentian,  if  we  admit  the 
organic  origin  of  the  limestone  and  graphite,  we  must  be  prepared 
to  belic've  that  the  life  of  that  early  period,  though  it  may  havo 
existcul  under  low  forms,  was  most  copiously  developed,  and  that  it 
ecpuUled,  perhaps  surpassed,  in  its  results,  in  the  way  of  geological 
accumulation,  that  of  any  subsefjuent  period. 

In  conclusion,  this  subject  opens  up  several  interesting  fields  of 
chemical,  physiological,  and  geological  inciuiry.  One  of  these  relates 
to  the  conclusions  stated  by  Dr.  Hunt  as  to  the  })robable  existence 
of  a  large  amount  of  carbonic  acid  in  the  Laurentian  atmosphere, 
and  of  much  carbonate  of  lime  in  the  seas  of  that  jxjriod,  and  the 
possible  relation  of  this  to  the  abundance  of  certain  low  forms  of 
plants  and  animals.  Another  is  the  comparison  already  instituted 
by  Professor  Huxley  and  Dr.  Carjienter,  between  the  conditions  of 
the  Laurentian  and  those  of  the  deeper  parts  of  the  modern  ocean. 
Another  is  the  possible  occurrence  of  other  forms  of  animal  life  than 
Eozoon  and  Annelids,  which  I  have  stated  in  my  paper  of  1&G4, 
after  extensive  microscopic  study  of  the  Laurentian  limestones,  to  be 
indicated  by  the  occurrence  of  calcareous  fragments,  differing  in 
structure  from  Eozoon,  but  at  present  of  unknown  iiature.  Another 
is  the  efltbrt  to  bridge  over,  by  further  discoveries  similar  to  that  of 
the  Eozoon  havaricum  of  (iiimbel,  the  gap  now  existing  between  the 
life  of  the  Lower- Laurentian  and  that  of  the  Primordial  Silurian  or 
Cambrian  period.  It  is  scarcely  too  much  to  say  that  these  incjuiries 
open  up  a  new  world  of  thought  and  investigation,  and  hold  out  the 
hope  of  bringing  us  into  the  presence  of  the  actual  origin  of  organic 
life  on  our  planet,  though  this  may  perhaps  })c  found  to  have  been 
Prelaurentian.  I  would  here  take  the  opportunity  of  stating  that, 
in  proposing  the  name  Eozoon  for  the  first  fossil  of  the  Laurentian, 
and  in  suggesting  for  the  period  the  name  "  P]ozoic,"  1  have  by  no 
means  desired  to  exclude  the  possibility  of  forms  of  life  which  may 
have  been  precursors  of  what  is  now  to  us  the  dawn  of  organic 
existence.  Should  remains  of  still  older  organisms  be  found  in  those 
rocks  now  known  to  us  onl}-  by  pebbles  in  the  Laurentian,  these 
names  wdll  at  least  serve  to  mark  an  important  stage  in  geological 
investigation. 


